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BOTANY

STAINING OF BARLEY KERNELS BY BACTERIA 1
RICHARD

w. LUTEY

University of Minnesota, St. Paul

INTRODUCTION: The demand for beer light in color has placed emphasis on the need to regulate malting as to produce, naturally and
consistently, malts that are light in color (Bawden and Artis 1954),
and malt having a clean pleasing aroma (Hopkins and Krause 1937).
Even when bright barley, relatively free of field fungi, is malted, the
finished product tends to be darker in color than the starting materials; in some cases to the extent that bleaching with sulfur dioxide
gas is required (Hopkins and Krause 1937; Oesting et al. 1949). The
cause of this discoloration is not known, but bacteria might conceivably be involved, since large numbers of bacteria have been found
in most barley samples examined (Follstad 1961; Pepper 1960).
MATERIALS AND METHODS: Three types of bacteria were consistently
isolated from 4 7 samples of barley grown in the Red River Valley of
Minnesota, St. Paul, Minn., and Aberdeen, Idaho. The bacteria were
isolated by steeping surface-disinfected samples of the grain in sterile
distilled water at room temperature until the steep liquor appeared
turbid ( usually 2-4 days) . A series of dilutions of the steep liquor
were cultured on tomato juice or nutrient broth agars. Single colonies
of the bacteria were transferred from the dilution plates and maintained in nutrient broth liquid cultures.
Samples of Betzes barley were drenched with a water suspension
of a yellow pigmented bacterium, one of the three types isolated from
the 4 7 samples of barley mentioned above. The concentration of the
suspension was approximately 50,000 cells per ml. Each sample of
barley consisted of 100 surface-disinfected kernels on a filter paper
in a sterile Petri dish. The bacterial population of the surface-disinfected barley prior to inoculation was less than 1000 colonies per
gram of seed, as determined by the microflora dilution technique
(Bottomly et,al. 1952). Both dry seeds and seeds steeped to 45-47%
moisture content were inoculated and then incubated at temperatures
of 6-7, 14, 20, 25, and 33° C. The amount of discoloration and percent germination were recorded after 4½ days incubation.
In an earlier test dormant kernels of the barley varieties N.D.
1 Paper No. 4645, Scientific Journal Series, Minnesota Agricultural Experiment Station,
St. Paul, Minnesota. Supported in part by a grant from the Malting Barley Improvement
Association.
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B112, Minn. II-48-45, and Kindred were surface disinfected .and
drenched with ( 1) nutrient broth cultures of the yellow bacterium,
(2) sterile nutrient broth, and (3) sterile water. The samples were
then incubated at 25° C. in sterile Petri dishes.
Tentative identification of the bacterium ~sed in this study was
based on the following observations and tests, according to procedures
recommended by the Society of American Bacteriologists: (1) size
and shape, (2) motility, (3) gas formation, ( 4) litmus milk reaction,
(5) pellicle development, (6) Gram's stain, (7) nitrate reduction,
(8) indole production, (9) flagella stain, and (10) milk curd test.

D1scuss10N: The amount of discoloration obtained in
the first test was rated on a scale of 0-10, 0 representing the color of
the surface-disinfected kernels prior to inoculation and 10 the most
intense discoloration obtained. The results are presented in Tables
1 and 2. Both the steeped and non-steeped kernels which had been
drenched with bacteria were more discolored than the non-inoculated
kernels. Steeping itself appeared to increase the amount of discoloration as did the increase in temperatures. The most severe discoloration
was obtained on inoculated steeped kernels incubated at 33° C. Figure 1 illustrates the influence of temperature on staining.
RESULTS AND

TABLE 1. The amount of discoloration, number of bacteria, and percent germination of barley kernels steeped to 45% moisture content, inoculated
with a water suspension of bacteria, and incubated
at various temperatures for 4 days.
STEEPED SEED

Temperature Discoloration (scale 0-10) •
( ° C:)
inoc.
non-inoc.

6-7
14
20
25
33

3
5

7
8
10

2
2
3
5

4

No. colonies/grm. seed
(in 10,000's)
inoc.
non-inoc.

12
26
87
302
200

9
4
3
4
3

Percent germination
inoc.
non-inoc.

80
82.
84
46
39

93
97
100
95

87

• The amount of discoloration was rated on a scale of 0-10, 0 representing the original
color of the surface disinfected seed prior to inoculation, and 10 representing the most
intense discoloration obtained in these tests. Results in this table represent an average of
two replications per treatment.

In commercial malting, barley is steeped and germinated at· temperatures of 14-20° C. Seeds inoculated with the bacterium and
steeped at temperatures below 20° C. became discolored (Table 1,
Figure 1) .
. The kernels inoculated with the nutrient broth cultures of bacteria
began to discolor a few days after inoculation, and after 16 days all
kernels inoculated with the bacteria were dark-greenish black. The
amount of staining was essentially the same in all varieties tested, and
typical examples are shown in Figure 2.
The discolo'red kernels obtained in both tests had an exceedingly
foul odor, and when dry the endosperm could be reduced to a powder
175
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Figure 1. Original color of surface disinfected kernels before inoculation (left);
discoloration of inoculated barley kernels incubated at various temperatures
for 4 days (center); severe discoloration of inoculated kernels incubated for
7 days at 25° C (right).

Figure 2. Amount of discoloration obtained on surface disinfected kernels
drenched with sterile water (ck.), with sterile nutrient broth (nut. sol.), and
with a nutrient broth culture of bacteria (bact.) and incubated for 16 days
at 25° C.

by rubbing the kernels between the fingers, while the non-stained seed
remained firm and solid.
The number of bacteria per gram of seed dry weight was determined for each sample incubated at the various temperatures in the
first test. The bacterial population of kernels incubated for 4½ days
increased greatly (Tables 1 and 2). Generally the largest number of
bacteria were found on those kernels incubated at the higher temper176
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atures and having the greatest amount of discoloration. Of the bacteria re-isolated, a yellow pigmented gram-negative rod bacterium
occurred in the greatest number. Bacteria· were able to survive even
on surface disinfected kernels, and it is improbable that any barley
kernels were free of bacteria.
TABLE 2. The amount of discoloration, number of bacteria, .and percent germination of barley kernels inoculated with a water suspension of bacteria
and incubated at various temperatures for 4 days.
NON-STEEPED SEED

Temperature Discoloration (scale 0-10) •
(° C.)
inoc.
non-inoc.

6-7
14
20
25
33

2
5
4
5
7

1
2
4
4
3

No. colonies/grm. seed
(in 10,000's)
inoc.
non-inoc.

8
14
21
81
104

-·
6
5
4

Percent germination
non-inoc.
inoc.

82
46
34
24
18

96
100
100
95
93

n The amount of discoloration was rated on a scale of 0-10, 0 representing the original
color of the surface disinfected seed prior to inoculation, and 10 representing the most
intense discoloration obtained in these tests. Results in this table represent an average of
two replications per treatment.
• This symbol ( - ) denoted less than 10,000 colonies per gram of seed.

Percent germination of steeped and non-steeped seed after 4½
days incubation is summarized in Tables 1 and 2. Germination of
samples inoculated with bacteria was reduced, particularly at the
higher temperatures. The effect of the bacteria was greatest on the
non-steeped inoculated samples, i.e., of the non-steeped kernels incubated at 33°C. only 18% germinated. Germinated seeds were counted
again 3 days later and no change in percent germination was observed.
·
A dark pigment was extracted from the heavily stained seed by
using a Soxhlet extracting apparatus with water as the solvent. When
seeds were steeped in a 1 : 10 dilution of this aqueous pigment extract,
germination was inhibited 80%, the same extent as when seeds were
steeped in a 4-day-old liquid culture of the bacterium.
The chemical or physiological nature of the discoloration and
germination inhibition caused by bacteria is not known. However, it
is known that bacteria can grow and increase in numbers under simulated malting conditions (Pepper 1960). The conditions to which the
barley kernels were subjected in this test did not specifically duplicate
conditions occurring in the field or during the commercial malting
process. But if these bacteria can cause such profound effects under
any conditions, it seems likely that they might produce similar if
lesser effects under commercial conditions which ultimately could
affect the quality of barley malt or malt products.
Results of the tests dealing with the identification of the bacterium
have indicated that it is: ( 1) yellow pigmented rod, 2-3 microns in
length, approximately 0.5-1.0 u, wide vigorously motile, (2) produces no gas when grown on the basal medium plus either d-glucose,
177
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sucrose, or lactose, ( 3) is neutral on litmus milk until 11 days after
inoculation, ( 4) forms a pellicle after 2 days when grown on nutrient
broth, ( 5) is gram negative, and produces no endospores, ( 6) reduces nitrates to nitrites in liquid culture, (7) produces no indole
until 38 hours after inoculation, at which time a slight amount of
indole was detected by the Erhlich-Boehme test, ( 8) curds whole
and skim milk in 3 days at room temperature, ( 9) flagella arrangement was not determined.
These characteristics agree with the original description of Bacterium herbicola Burri and Duggeli (Lehmann and Neumann 1931).
A possible exception to this statement may be the slight indole production recorded in cultures 38 hours old. According to the literature,
the test used in this_ study should give positive results, if indole production does occur, in cultures 16-24 hours old (American Public
Health Assoc. 1945). The arrangement of flagella is not given in the
original description of the organism, nor was it determined in this
study; however, such information would be useful in distinguishing
this bacterium from others which appear similar in cultural characteristics when grown on solid media. The results of these tests suggest
that bacteria should be investigated more thoroughly as a possible
cause of discoloration of malt during malting process.
SUMMARY: Several types of bacteria were isolated in large numbers
from nearly all of about 50 samples of barley grown in Minnesota
and in Idaho. One of these, tentatively identified as Bacterium herbicola Burri and Duggeli, when inoculated onto barley and the grain
steeped in water, stained the kernels dark and reduced germination
percentage. These effects were more pronounced at 30° C. than below 20° C., but some staining did occur in the barley inoculated
with B. herbicola and steeped 4 day~ at l4°C.
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